Laying hens were fed for a 48-wk period with a basal diet supplemented with a selected strain of Lactobacillus acidophilus at levels up to four million viable cells per gram of feed. Levels of egg production and feed conversion were significantly higher (8 and 14.8%, respectively) than in the control flock, and cholesterol values in yolks were decreased by 18.8%. It is suggested
INTRODUCTION
Microflora of the crop of the chicken is dominated by lactobacilli (Pivnick and Nurmi, 1982) , and the same genus also occurs as a major component in the lower regions of the intestine (Shapiro and Sarles, 1949; Fuller, 1972 Fuller, , 1989 . It has been proposed that this resident flora of Lactobacillus spp. could be performing a number of beneficial functions (Fuller, 1973) and, in an ideal situation, specific numbers of these beneficial bacteria would be maintained in the digestive system throughout the life of the animal; a desirable position that cannot be guaranteed under field conditions. However, if microorganisms that contribute to this proper microbial balance are added to the diet, the intestinal microflora is continuously being replenished by organisms that may benefit the host. The suppression of undesirable putrefactive or pathogenic bacteria, such as Salmonella or Escherichia coli in the gut (Gilliland and Speck, 1977) could be one obvious advantage, particularly if Salmonella-free flocks are required for egg production. Equally important could be the fact that the metabolism of the host may be changed as well, e.g., lower levels of serum cholesterol (Tortuero et ah, 1975) , and this change could again benefit the consumer if the reduction is manifest in either eggs or flesh of birds.
Species of Lactobacillus have been proposed as likely dietary adjuncts, and Lactobacillus acidophilus is widely regarded as the most suitable candidate organism (Havenaar and Huiint Veld, 1992) . However, if Lac-that the latter effect was a reflection of lower serum cholesterol concentrations in treated birds; a maximum reduction of over 55% followed incorporation of the culture into the feed. The level of viable cells in the feed was confirmed as being critical to register the above effects.
1996 Poultry Science 75:491-494 tobacillus is to be employed as an adjunct in a feed for poultry, then certain specific features (Klaenhammer, 1982) are essential, namely: the strain must be capable of growth in a bulk medium that is simple to prepare and give rise to a high cell count prior to feed addition; the strain must not lose viability in the period between addition to feed and consumption by chickens; the organism must have the capacity to adhere to the epithelial cells of the intestinal tract of the chicken; and the organism must be resistant to bile salts.
MATERIALS AND METHODS

The Organism
The basic morphology of the organism used in the present trials was confirmed by Gram staining (Harrigan and McCance, 1976) , and certain more specific tests were performed as well, namely: 1) growth at 15 C in de Man, Rogosa, and Sharpe (MRS) Broth; 2) growth at 45 C in MRS Broth; 3) catalase test; 4) production of ammonia from arginine; 5) hydrolysis of aesculin; and 6) fermentation of selected carbohydrates (Kandler and Weiss, 1986) .
It was evident from results of above tests that the culture was a strain of L. acidophilus, and, hence, the characteristics cited by Klaenhammer (1982) were examined in detail (Haddadin et ah, 1995) . It was concluded that: 1) the culture could be grown routinely in the laboratory; 2) the strain was resistant to bile salts, and could adhere to the epithelial cells of the crop of a chicken; and 3) it could survive in a basal feed in the period between mixing and consumption, provided that the initial rate of addition exceeded 2.0% (wt/wt).
(Key words: egg, chicken, Lactobacillus acidophilus, production, chemical composition) Consequently, it was decided that the strain was entirely acceptable for use in a feeding trial to determine whether L. acidophilus would, when fed routinely to a test flock of chickens, influence selected aspects of their metabolism.
Influence of L. acidophilus on Performance of Laying Hens
A total of 192 laying hens (Lohman -white) was selected at 25 wk from a replacement flock raised under standard management conditions. Each bird was of similar weight (± 50 g), and four birds were placed into each cage (45 x 45 cm) of an open house system. Cages were assigned randomly among four treatments, with three replicates, each with 16 hens; the treatments were: Control) layer basal diet (Table 1) ; Treatment 1) layer basal diet with a supplement of 0.67% (wt/wt) of a liquid culture of L. acidophilus to give a mean cell count of 0.67 x 106 cfu/g of feed; Treatment 2) layer basal diet with a supplement of 2.0% (wt/wt) of a liquid culture of L. acidophilus to give a mean cell count of 2.0 x 10 6 cfu/g of feed; Treatment 3) layer basal diet with a supplement of 4.0% (wt/wt) of a liquid culture of L. acidophilus to give a mean cell count of 4.0 x 10 6 cfu/g of feed.
Fresh batches of feed were mixed every 3 d, and each batch was checked to ensure that anticipated cell counts were being achieved; both feed and water were provided for ad libitum consumption. A regimen of 16 h light:8 h dark/d was provided throughout the experimental study, which lasted for 40 wk, followed by a final period of 8 wk during which all the hens were fed the basal diet.
Over the entire period, the following parameters were studied: level of egg production, average feed consumption, feed conversion, average egg weight, and eggshell thickness. Shell thickness was assessed every 4 wk by taking 12 eggs at random per treatment and calculating average shell thickness from measurements at three different locations. In addition, at the end of each 4-wk period, 24 eggs were selected at random from each treatment and yolks separated and blended to an homogeneous mix. Duplicate subsamples were then extracted as dictated by the methods, and analyzed for total cholesterol including cholesteryl esters (Siedel et al., 1981) , total lipids (Zollner and Kirsch, 1962) , and triglycerides (Wahlefeld, 1974) .
At the same time, blood samples (2 mL) were taken from the brachial wing veins of 12 preidentified hens per treatment. After isolating plasma by centrifugation at 5,000 rpm for 10 min, total lipids, triglycerides, and cholesterol were determined as above, and average values for each of the treatments were recorded.
Data were analyzed using the General Linear Models procedure of SAS® (1987) , and differences between treatments were tested using Duncan's multiple range test.
RESULTS AND DISCUSSION
Effects of the addition of L. acidophilus on various facets of production are shown in Table 2 , and the addition of culture at levels exceeding 1 x 10 6 cfu/g of feed (Treatments 2 and 3) significantly improved both egg production and feed conversion (P < 0.05). These findings are in agreement with those of Miles et al. (1981) , Francis et al. (1978) , and Krueger et al. (1977) . It has been suggested that presence of high numbers of lactobacilli may increase motility of gut contents, and improve nutrient availability or absorption (Sellars, 1991) . The marginal increase in egg weight caused by Treatment 3 supports the proposed connection between numbers of lactobacilli and improved nutrient uptake, but the expected increase in average shell thickness was barely significant. Robinson (1977) suggested that lactic acid secreted by lactobacilli might encourage better absorption of calcium and phosphorus from the digestive tract, and hence it was anticipated that level of mineral deposition might increase under Treatments 2 and 3 to give thicker shells than in the control group. However, although mean values did not differ dramatically, mean shell thickness in the control group decreased from 0.42 mm at the end of Week 4 to 0.36 mm by Week 40, whereas average thickness of shells in Treatments 2 and 3 remained stable at 0.39 mm throughout the entire 40-wk period. This observation suggests that the usual decline in eggshell quality towards the end of the laying cycle (Nascimento, 1992) was prevented by the presence of the ingested lactobacilli; in commercial practice, this stability could lead to fewer eggs being broken as a result of thin shells.
If dietary supplementation with lactobacilli is to have any effect on the lipid composition of the egg, then it might be anticipated that the initial impact will be on the laying hen. Results of plasma analyses are shown in Table 3 , and whereas the addition of L. acidophilus had no significant effect on the levels of total lipids or triglycerides, Treatments 2 and 3 significantly reduced the levels of serum cholesterol. A reduction of over 55% (Treatment 3) is much greater than that reported elsewhere (Tortuero et al, 1975) , and it may be that the number of viable cells in the feed was the reason. The mechanism of reduction could involve assimilation of cholesterol (Gilliland et al, 1985) or its degradation to bile acids followed by deconjugation to prevent resyntheis (Grunewald, 1982) . Either way, high intakes of lactobacilli will be essential and, in Treatment 3 for example, the estimated daily intake was around 4.9 x 10 8 cfu per hen.
It was suggested earlier that high numbers of lactobacilli in the gut might lead to improved nutrient absorption, and it was noticeable that the total plasma lipids were marginally higher in hens fed L. acidophilus. This same effect can be seen with eggs (Table 4) , and Hargis (1988) and (Ghazalah et al, 1988) suggested that this link could be expected. The same is not true for the concentrations of cholesterol in the eggs, although the reduction induced by Treatment 3 was less than that observed in the plasma. Nevertheless, the reduction was Treatment a-dMeans within a column with no common superscript differ significantly (P < 0.05). 'Mean readings after a further 4 and 8 wk of basal diet only. significant (P < 0.05), and the decrease was eliminated totally during the final 8 wk when the basal diet was fed.
Overall, it is clear that supplementation of the diet with L. acidophilus was beneficial both in terms of feed conversion into eggs and cholesterol concentration in the eggs. Given the current interest in reducing the dietary intake of cholesterol by humans (Anonymous, 1986) , then the concept of producing eggs with reduced concentrations might prove attractive as an aid to marketing. Whether or not the economic benefits would justify the cost of supplementing the basal diet with high levels of L. acidophilus remains an open question. Nevertheless, if other strains or rates of inoculation of L. acidophilus could achieve even greater reductions in the cholesterol contents of eggs and, perhaps, offer additional protection against the risk of infection of the eggs by Salmonella spp. (Watkins and Miller, 1983; Aim, 1991) , then the expense of culture propagation might be acceptable.
